We considered the role played by selenium-dependent glutathione peroxidase (GSH-Px) in relation to the metabolic changes due to nutritional management in a flock ofthe Assaf breed in Spain, housed in an intensive management system. Our objective was to examine the relationship between the nutritional management of this flock during different productive stages and GSH-Px. The modifications of ASAT and CK activities, closely connected to the pathological changes in GSH-Px values, were also recorded. The animals were divided into two groups: control and experimental ewes. Our results showed that neither physiological condition nor litter size had any influence on the GSH-Px values; the main modifications were due to the diet of these animals, especially if the diet was rieh in essential fatty acids. The evolution of ASAT and CK activities, and their relationship to GSH-Px and nutrition, is also described.
Introduction
Many reactions required for the maintenance of normal metabolism and the production of energy in the cell produce potentially toxic free radicals as unwanted by-produets (CHESTER and ARTHUR, 1988) . Normally, the body is protected against reactive oxygen metabolites and their toxic products by a wide ränge of known defence mechanisms, like antioxidant enzymes. Several essential nutrients are involved in the manufacture of known components of antioxidant defence. In this sense, MILLER et al. (1993) explained the role played by nutritional management in this respect.
Seienium-dependent GSH-Px plays an important role in the cellular antioxidant defence system. This enzyme reduces hydrogen peroxide and lipid hydroperoxides, potentially harmful prooxidants that may promote peroxidation of polyunsatured phospholipids in biological membranes (LOPEZ ALONSO et al., 1997) . It is well known that normal metabolism may be modified under many conditions, such as physiological Status. During pregnancy or lactation large amounts of free radicals occur as intermediate products in the metabolic pathways . When, during these situations, the animals reeeive an unbalanced diet the antioxidative Systems can be overloaded. If free radicals are not eliminated, these metabolic pathways will easily be deregulated, bringing about pathological conditions; the final consequence of which will be the inability to maintain reproduction (LOPEZ ALONSO et al., 1998) . Many studies (MILLER et al., 1993) point out that the antioxidant requirements of dairy animals may be higher than is generally recognized, and intakes of the antioxidants needed to control reactive oxygen metabolite balance effectively may exceed the amounts supplied by average feeds. In this sense, supplementation with all known nutrients required for antioxidant defence in adequate and balanced amounts would be beneficial, although additional research is needed, however, to identify optimal amounts of each nutrient. For this reason, we are studying the metabolic profile ofthe Assaf breed in Spain. The latter represents a small percentage of the total dairy ovine census in Castilla-Leön region and we have found that there are no studies conducted solely on this breed for understanding their physiology, nutritional requirements, diseases, management and appropriate breeding methods. In a prior report, based on the Assaf breed (CASTILLO et al., 1999) , we pointed out that there is a widespread misunderstanding in relation to the nutritional management of this breed. In fact, in the Castilla-Leön region many ovine flocks present a similar nutritional programme, independently of the ovine breed and their produetions. We concluded in that report the presence of two critical moments in relation to diet, and their metabolic consequences: early and late pregnancy. At these moments the ewes received a diet based on low-energy foods and excessive concentrate intake, respectively. Our objective now is to examine a possible relationship between this nutritional management and the evolution of one of the most important antioxidant enzymes in the body: GSH-Px. The modifications of ASAT and CK activities closely connected to the pathological changes in GSH-Px values were also recorded.
Material and Methods Animals
The study was conducted on a flock located in Valladolid, in central Spain. Thirty-five ewes ofthe Assaf breed, ranging from 3 to 6 years of age and of an average weight of 60 Kg, were selected. The animals were housed in an intensive management system. The animals were randomly assigned to 2 groups: the experimental group (n = 25) comprised those that were going to become pregnant and lactate during the experiment, and the control group comprised 10 non-pregnant animals. The experimental ewes were synchronized in anoestrus, using a Standard technique (BRITT, 1989) . Three weeks before mating all the ewes were injected with 50 mg of barium selenate, subcutaneously (Zooselen®, Esteve Laboratories, Spain) in accordance with to prior studies on sheep (ZACHARA et al., 1993; SAEZ et al., 1996) . All the animals were housed in the same environmental conditions and received the same diet ( Fig.) . Pregnancy was diagnosed in the second month after synchronization by ultrasound scanning, establishing at this moment two groups: single (n =11) and twin pregnancies (n = 14). 
Sample collection and analyses
Blood samples were taken from selected ewes between 8.00 and 9.30 prior to the morning feeding. Sampling began in the anoestrus period, when synchronization was induced, considering it as a baseline sample. The following samples were taken on the 75th day and the 90th day of pregnancy, 10 days before and after parturition and finally, one month after parturition (lactation 
Statistical analyses
The reported values are mean ± std error. A Statistical test was performed using a twoway analysis of variance to check the influence of physiological Status and litter size on the blood parameters. The Statistical differences were established taking into account a p<0.05 (WILLIAMS, 1994) .
Results
Developmental changes in the studied parameters in both experimental and control ewes, and the significance levels appreciated between pregnant and barren animals during the experience are reflected in Table 1 . Table 2 shows the mean values in ewes carrying Singles and twins. In each column appears the significance levels appreciated in the comparison between groups during the study. Beginning with the GSH-Px evolution, a remarkable fact was that both control and pregnant (single and twins) groups showed the same evolution without Statistical differences, reflecting that neither physiological condition nor litter size had any influence on the GSH-Px values. Considering only the behaviour of this enzyme bnngs out the increase that appears between the anoestrus period and the 90d of pregnancy, with a notable decrease in late pregnancy which is maintained after lambing. In lactation the values are the lowest ofthe study. We wish to point out that in sptte of these stgntficative changes, the mean activities of GSH-Px throughout the experiment were within optimal ranges (ZACHARA et al., 1993 -SAEZ et al 1995 -MORGANTE et al., 1998 .
' In relation to ASAT activity, it is clear that the onset of lactation is the only period that determines Statistical differences between the control and experimental groups (lactating ewes present higher values) whereas the beginning of pregnancy establishes differences between Singles and twins (single-bearing ewes show higher activities) In the evaluation ofthe evolution of ASAT it is interesting to appreciate the notable decrease that appears in all ewes in late pregnancy, parallel to the decrease in GSH-Px activity. Lastly, taking into account the results ofthe CK it is clear that during the experiment and in spite ofthe peculiar nutritional management of this flock, the animals did noi 5ALTO CU ,^^T 8 !' 3S iS Sh°Wn by the P^logical values during the study (KANEKO, 1989) . On the other hand, the CK activities did not change in a significant manner dunng the experiment although it is possible to observe differences between groups: in the 90d of pregnancy and lactation phases if we consider control and experimental groups, and the lactation if we take into account the litter size.
Discussion
One conclusion that we have reached in this study is that neither physiological condition nor litter size influenced GSH-Px evolution, This can only be explained by taking mto account nutritional factors. We think that seasonal trends, under our husbandry conditions, must be carefitlly considered because the relationship between the animals, the Vegetation and the local geology and soil composition is not as close as in grazing animals (ANDRES et al., 1997) . WHEATLEY and BECK (1983) pointed out the differences between these two Systems in the sense that housed ewes receive a high dry-matter intake which induces the increase in mineral and ohgoelement Status (including selenium) and hence, in gluthathione activity In addition, the handling of the different foods (ensilage or haymaking), determines important modifications in their characteristics which do not always run parallel to seasonahty. For this reason it is difficult to compare our results with other studies carried out on grazing animals. Thus, we will analyse the changes in GSH-Px activity taking into account the nutritional management of the flock and their metabolic consequences. Firstly, it is interesting to point out the high levels reached in the early-pregnancy period, which is caused by the effects of barium selenate supplementation. The highest levels reached at 90d are because the majority ofthe glutathione peroxidase in whole blood is incorporated into the red blood cells at the time of erythropoiesis So the complete response in GSH-Px activity to a Se supplementation will require a time span equal to the average life span of the erythrocyte, which in the case of sheep is approximately 120 days (LOPEZ ALONSO et al., 1998) . These effects of Se supplementation added to vitamin-mineral Supplement are evident if we consider the diet that was fed to the ewes at this moment. Alfalfa-hay is not only a low-energy food, as was demonstrated in a prior report on this same flock (CASTILLO et al., 1999) but gives low levels of Se, essential for glutathione peroxidase synthesis. This is due to their poor Se accumulaüon (ANDRES et al., 1991) and the high presence of vitamin E antagonists (BEDO et al., 1992; CHURCH, 1993) . This fact might be enough to predispose ewes to peroxide intoxication if the animals had not received supplementation. The notable decrease in late pregnancy can be explained by considering the properties of the specific diet that the animals received. The administration of a rich-concentrate diet gives energy that can be appreciated through a recovery in glucose, triglyceride and NEFA values, the latter higher than those recorded as physiological (CASTILLO et al., 1999) . This last coincidence is important for us. The NEFA values in blood have been considered as an indirect measure of feed intake in housed animals (FOX et al., 1991) . On the other hand, it is well known that rich-grain diets present high levels of essential fatty acids (McDONALD et al., 1986 ). An adverse effect of this kind of diet in ruminants is the increased conversion of polyunsatured fatty acids, derived from essential fatty acids, to lipid peroxides. This fact implies an increase in the requirements of antioxidants, like vitamin E and glutathione peroxidase (CLARENBURG, 1992; CAPPA, 1996) . In lactation the decrease in GSH-Px advances and can be attributed to the decrease in the protective effect of barium selenate, as described SAEZ et al. (1996) . Finally, we wish to study both ASAT and CK enzymes. In relation to the former, the decrease in late pregnancy is significant in relation to the remaining phases. It appears that any phase affects on hepatic activity more than late pregnancy. Nevertheless the ASAT Interpretation might not only be considered closely connected with physiological condition, but also to the metabolic bürden associated with nutritional factors (BRZOSTOWSKY et al., 1995) . Low-energy diets, like alfalfa-hay or low levels of concentrate, imply a hepatic effort for triglyceride metabolization as energy supply (BARTLEY, 1989) . When the animals receive a diet rieh in glucogenic precursors (such as starch) and energy, there is an increase in ruminal propionate production and indirectly, glucogenesis with a lesser hepatic effort (HERDT, 1988) . In late pregnancy, and in spite of high NEFA levels, as a result of the feed intake, the recovery in glucose values and the normal ASAT activities indicate the absence of fatty infiltration ofthe liver in both groups, and especially in pregnant ewes. The highest ASAT activities in the single-bearing group during early pregnancy might be due to the lesser capacity of these ewes, in comparison to the twin-bearing group, for improving hepatic activity at the beginning of this period (FREETLY and FERRELL, 1997) . Finally, the differences that appear between control and pregnant groups after lambing can only be attributed to the increased hepatic activity characteristic of dairy ewes at the onset of lactation (CASTILLO et al., 1999) . The CK values showed the absence of muscular damage, especially when the diet was rieh in polyunsatured fatty acid derivates (SMITH et al., 1994) . So, little importance might be placed on the changes in serum CK activity, especially when ASAT is considered, as WEST (1989) described in the study of normal ovine pregnancy.
